Potassium bromate (KBrO3) is an oxidizing agent that has been used as a food additive, mainly in the bread-making process. Ruta chalepensis L. (Family-Rutaceae) is a small shrub, native to the Mediterranean Basin. The present study aimed to investigate the protective and curative effects of R. chalepensis oil extract against KBrO3 toxicity on liver of male rats. Fifty male albino rats were divided into five groups. The first group served as a control group. The second group was administered Rue at an oral daily dose of 0.5 g/Animal for four weeks. The third group received KBrO3 100 mg/kg/b. w. for four weeks. The fourth group (protective group) was initially administered Rue alone for 2 weeks and followed by KBrO3 in association with Rue for 2 weeks. The fifth group (therapeutic group) was first given KBrO3 alone for 2 weeks and was then administered Rue in association with KBrO3 for 2 weeks. At the end of 2 nd and 4 th weeks of treatment, the liver tissues were dissected out for histopathological studies. Histopathological sections of rats administered with Rue showed the same histological observations as in the liver of control animals. KBrO3 treated rats exhibited marked congestion and dilatation of the blood vessels, the central veins and the portal veins. Additionally, marked infiltrative inflammatory cells were revealed. The occurrence of the cellular necrobiotic lesions and nuclei in these necrotic cells showed pyknosis. They also, showed cellular atrophied and hyaline degeneration of the cytoplasm. Vacuoles of different shapes and sizes were developed in the hepatocytes. Blood vessels being thick walled and fibrotic encircled by an inflammatory area rich in leucocytes. The protective and therapeutic groups showed marked hepatoprotective activity and better improvement than that noticed in the group which was given KBrO3 only. It may be concluded from the results that the hepatotoxic effect of KBrO3 and the ameliorative effect of Rue an effective when administrated as protective and therapeutic measures.
INTRODUCTION
otassium bromate (KBrO 3 ) is a strong oxidizing agent that has been used in flour milling, as an ingredient in fish-paste in Japan, in cheese making, in beer malting and as a component of cold hair-wave liquids and a oxidizing compound. The toxic or lethal dose of KBrO 3 in humans has not been accurately established 1 . Administration of KBrO 3 to rats was found to induce oxidative stress and passively impair the antioxidant power of rat blood 2, 3 reported that KBrO 3 caused congestion of the central vein with blood cells in the hepatocytes, infiltration of the interstitial cells 4 .
indicated that KBrO 3 caused vacuolation, neuronal degeneration and haemorrhage. 5 Showed hepatocyte degeneration and necrosis in liver, congestion and swelling of tubular cells in goats treated with 90 mg/kg b. w. KBrO 3 6 . reported that KBrO 3 caused degeneration, cellular infiltration and significant increase in collagen deposition in portal tracts with a significant increase in immunoexpression of GFAP.
Ruta chalepensis has been medicinally used in many ancient cultures 7 9, 10 . studied 56 patients with colorectal cancer )34 with early stage and 22 with advanced stage( where R. chalepensis was found to protect erythrocytes from oxidative stress caused by radicals. This result was noticed in patients with early-stage colorectal cancer and was not observed with advanced disease.
Thus, the aim of this study is to investigate the protective and therapeutic effects of Ruta chalepensis against KBrO 3 toxicity on liver of male rats.
MATERIALS AND METHODS
Fifty male albino rats (Rattus norvegicus), weighing between 275-300 g. were used throughout the present study. They were obtained from the animal house of Zoology Department, Faculty Science, Omar Al-Mukhtar University. The animals were housed in groups of five in standardized cages and were located in the same room with constant environmental conditions such as temperature (22 ± 3°C) and humidity (50 -60 %). They were supplied with enough rat feed and drinking water ad-libitum. All animals were allowed to acclimatize in the environment for two weeks before the commencement of the study which lasted for four weeks. Rue (Ruta chalepensis L): Leaves of R. chalepensis were collected from Al-Jabal Al-Akhdar region on the east coast of Libya during the period of March 2016. The extraction process for the rue essential oil followed the methodology described by 11 .
Preparation of potassium bromate: Potassium bromate was orally administrated at a dose 100 mg/kg/b. w. dissolved in distilled water freshly prepared 12 daily for 2 and 4 weeks according to the group distribution.
Preparation of Ruta chalepensis:
The collected flowers and leaves were weighed and washed with water dried and then placed in acetone inside sealed jars for 48 hrs. Solvent was removed from samples by rotary evaporator and then oils were collected. R. chalepensis was orally administrated at dose of 0.5 g/Animal 13 , daily for 2 and 4 weeks, which represents the overall experimental duration.
Both doses were orally given through a special stomach tube with a smooth tip to protect the interior lining of the oral and buccal cavity from injury.
Experimental animals grouping:
The animals were divided into 5 equal groups, each contains 10 male rats: 1) Control Group (G1): Animals of this group received distilled water daily by oral gavage for four weeks.
2) The Rue Treated Group (G2): Rats received Rue orally in a daily dose of (0.5 g/Animal), for four weeks.
3) The (KBrO 3 )-Treated Group (G3): This group included rats that were administrated (KBrO 3 ) in a daily dose of (100 mg/kg b. w.) for four weeks. 4) The Protected Group (G4): Animals of this group were first administrated Rue orally in a dose of (0.5 g/Animal) daily for two weeks and secondly administrated daily oral doses of Rue (0.5 g/Animal) in association with (KBrO 3 ) (100 mg/kg b. w.) for an additional two weeks. 5) The Therapeutic Group (G5): Animals of this group were first provided with oral dose of (KBrO 3 ) (100 mg/kg b. w.) daily for two weeks, then were treated orally with (KBrO 3 ) (100 mg/kg b. w.) in association with Rue (0.5 g/Animal) for an additional two weeks.
Preparation of tissue samples:
At the end of experiment, animals from control and treated groups were sacrificed 24 h after the last dose of different administrations and the abdominal cavities were opened and then livers were rapidly excised, washed in saline to remove blood and other extraneous and dried on filter paper. Finally, samples of liver were kept in 10 % neutral buffered formalin solution 14 (Lillie, 1954) for histopathological examination.
Histopathology:
Liver specimens were dehydrated in ascending grades of ethyl alcohol (70 %, 90 % and 100 %), cleared in xylene and impregnated and embedded in paraffin wax. Serial sections of 4-5 micrometers thick were obtained using a rotary microtome and stained with Harris's Haematoxylin and Eosin stain 15 (Harris, 1900) for general histological examination.
RESULTS
In group 2, no histological differences were observed between the liver of rats administrated with Rue and those of controls at 2 and 4 weeks of experimental duration (Figures 1 and 2) . In group 3, specimens of rats administrated KBrO 3 for 2 weeks revealed dilatation and congestion of hepatic sinusoids. Area of vacuolar necrosis and swelling in some hepatocytes, and hyaline degeneration of paranchymal cell with narrowing of blood sinusoids in between were also observed. Some cells showed dark pyknotic eccentric nuclei, others appear with karyolytic nuclei (Figure 3) . The portal tract area illustrated in figure (4) designates infiltration with inflammatory cells and vacuolar necrosis throughout hepatic lobule in addition to degenerated hepatocytes with indistinct cell boundaries and pyknotic nuclei. Progressive and more pronounced histopathological abnormalities were observed in rats treated with KBrO 3 after 4 weeks, including dilated central vein ( Figure 5 ) with erythrocytic congestion. Degeneration and necrosis with nuclear pyknosis and karyolysis were prominent. In the same treated specimens severe hepatotoxicity was observed ( Figure 6 ) as shown by the dissolution of hepatic cords as no liver cords could be followed which appeared as empty vacuoles ballooning degeneration of the hepatocytes and severe necrosis with disappearance of nuclei within lobules, nuclear pyknosis and karyolysis. In group 4, no pathological changes could be noticed in liver treated with Rue alone for 2 weeks. Rue in the protective group that was treated for 2 weeks followed by double treatment with Rue and KBrO 3 for another 2 weeks and scarified after 4 weeks, showed marked hepatoprotective activity and better improvement than that noticed in the group which was given KBrO 3 only (Figure 7) . In group 5, liver sections of rats administered of KBrO 3 for 2 weeks revealed different alterations in comparison with control. Histological features of hepatic parenchyma were variable in different parts. These alterations are similar to those of group 3 after 2 weeks (Figures 3 and 4) . In this group, good recovery was observed with Rue therapy at the end of the experimentation. Liver sections of rat liver of therapeutic group treated with KBrO 3 for 2 weeks then followed by double treatment with KBrO 3 and Rue for another 2 weeks and scarified after 4 weeks showed minor focal areas of hyaline degeneration, some necrotic areas and mild walled fibrotic stroma around portal vein (Figure 8 ).
DISCUSSION
KBrO 3 is a very powerful oxidizer used as flour improver, strengthening the dough and allowing higher rising. It is an oxidizing agent, and under the right conditions, will be completely used up in the baking bread. However, if too much is used, or the bread is not cooked long enough or at a high enough temperature, then a residual amount will remain 16 .
Ruta species are sources of different classes of natural products with biological activities, including antifungal, antioxidant, phytotoxic, abortive depressant, antidotal and anti-inflammatory activities 17 .
Administration of Rue alone after 2 and 4 weeks showed normal liver tissue and normal architecture of hepatic lobules almost similar to that demonstrated by the control group. Rue is known to be relatively nontoxic even when given as an ethanolic or aqueous extracts of seeds at a dose of R. graveolens 50 mg/kg/day via the oral route 18 .
But when given at dose 200 mg/kg/day via the oral route, it caused fatty cytoplasmic vacuolation of the centrilobular hepatocytes and isolated cell necrosis and hemorrhage.
The pathological responses of the liver tissues to KBrO 3 observed in this study were in agreement with that reported by 19 Degenerative changes and fenestration of endothelial cells in rats administered of KBrO 3 , may be an indication of the destruction of the capillary endothelium of the liver by the chemical substance 20 . Necrosis is evidenced by nuclear disintegration and increased eosinophilic reaction of the cytoplasm. The nuclei in these dying cells showed pyknosis and karyolysis. Necrosis may be restricted to a small group of cells, producing necrotic foci; central, midzonal or periportal, or it may be a massive one 23 . The presence of necrosis may also be related to the depletion of ATP, which finally leads to the death of the cells 24 .
Fibrosis was also observed as a result of KBrO 3 administration to the rats. Liver fibrosis is a catabolic feature associated with protein breakdown 25 . There are various possible sources of collagen formation in the liver including; hepatocytes, fibroblasts, myofibroblasts and biliary epithelial cells 26 . This study revealed that the ingestion of KBrO 3 was deleterious causing degeneration and vacuolation. These results were in accordance with that reported by who studied the histopathological changes on rat liver and kidney fed with MSG contaminated food. In the current work, hyaline degeneration of the cytoplasm was shown and illustrated after 2 and 4 weeks. Administration of MSG initially attacked the peripheral hepatocytes in the central lobules of the liver tissues leading to hepatocellular degeneration 27 .
In the protective group, the histopathological findings revealed marked hepatoprotective effects of Rue extract in KBrO 3 -induced liver damage, probably due to the antioxidant effect of Rue. This result is similar to the findings of 28, 29 . R. chalpensis extracts possess potent antioxidant activities, which could be derived from compounds such as flavonoids and polyphenols. R. chalpensis extracts could give rise to antimicrobial, antiinflammatory and antiulcer agents and could be promising candidates for further studies designed to obtain more evidence on their components with potential chemopreventive activity In the curative group, there is mild improvement as a result of Rue administration where moderate destruction of lobular structurewas observed. Histological features of hepatic parenchyma were variable in different parts. These alterations were manifested in disorganization of the hepatic structure and mild hyline degeneration, hemorrhage, degenerated hepatocytes with indistinct cell boundaries and the nuclei appearance, either eccentric and pyknotic or lost completely, were also observed during the first 2 weeks of KBrO 3 administration. Thereafter, by the end of experimental period, Rue extract in the curative group was found to be less effective in restoring KBrO 3 induced histopathological alterations.
Evidently, histopathological examinations of liver also did not support Rue therapy as it did not help in improving cellular architecture. This appearance indicates poor treatment of the hepatocytes against the hepatotoxic agent. Nevertheless, the present study confirms that Rue has some protective effect against the hepatotoxic agent KBrO 3 ; yet the obtained results could not prove their effectiveness as therapeutic agents. No significant results were obtained from the use of Rue indicating only minimal therapeutic effect for the liver. The present findings do not find strong support from previous researches, thus this study is to be considered as the first study on the protective and therapeutic effects of Rue against KBrO 3 .
CONCLUSION
In conclusion, the results of this study confirm the hepatotoxic effect of KBrO 3 and the ameliorative effect of Rue when administrated as protective and therapeutic measures.
